Vibration can be artificially produced when a person stands on a vibration platform that generates vertical sinusoidal vibration at a frequency in the range 35-50 Hz. These mechanical stimuli are transmitted as the result of vibration, directly to the tendon, which in turn leads to activation of the alpha-motoneurons and initiates muscle contractions comparable to the "tonic vibration reflex (TVR)" [17] . Whole body vibration (WBV) training is a new neuromuscular type of exercise that may produce benefits which can be useful in training and has been reported to be an effective method to enhance athletic performance [9, 18] . The main argument for using vibration for muscle training is based on the assumption that strength improvements can easily be achieved during a short time [7] .
INTRODUCTION
Vibration can be artificially produced when a person stands on a vibration platform that generates vertical sinusoidal vibration at a frequency in the range 35-50 Hz. These mechanical stimuli are transmitted as the result of vibration, directly to the tendon, which in turn leads to activation of the alpha-motoneurons and initiates muscle contractions comparable to the "tonic vibration reflex (TVR)" [17] . Whole body vibration (WBV) training is a new neuromuscular type of exercise that may produce benefits which can be useful in training and has been reported to be an effective method to enhance athletic performance [9, 18] . The main argument for using vibration for muscle training is based on the assumption that strength improvements can easily be achieved during a short time [7] .
Several studies have shown that WBV training improved muscle strength or muscle performance [4, 12, 14, 19, 25] . Previous studies which investigated the effects of WBV on the general population and untrained or elderly individuals have shown increases in explosive strength of lower limbs [8,10,] and flexibility with or without stretch-
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KEY WORDS: Vibration training, flexibility, muscle strength, gymnastics ing [14, 15, 16, 21, 22] . Further, some studies that have been focused on sports have examined the vibration effect on flexibility in high level gymnasts [16, 21, 22] or elite female synchronized swimmers [22] , whereas others have examined the acute effect of a WBV programme on muscle performance of female athletes [6, 8, 13, 16] .
In addition to the above noted positive effect of vibration, recent studies reported that transmission and attenuation of vibration accelerations in children is very similar to that of adults [5] . However, scientific evidence on the efficacy of vibration training in young artistic gymnasts is lacking. Previous research findings with young female adults [12] have shown that the WBV increased strength similarly to a traditional resistance training (RT) programme (WBV:
16.6% in isometric and 9% in dynamic strength vs 14.4% and 7% respectively). Therefore, the purpose of this study was to examine artistic gymnasts aged 9 to 12 years old. The hypothesis of this study was that WBV will improve flexibility and explosive strength based on previous findings which support that low vibration stimulus improved flexibility [8, 13, 15] and explosive strength [4, 24] . WBV training, which will be discussed in detailed herein. Our protocol was different from that of Bressel et al. [5] . The subjects were exposed to vibration for a short time when they were in motion and they did not remain in a standing position -on the contrary, the exercises were performed dynamically. Secondly, the exposure to the vibration was 2 min in total (4 sets * 30 s). And finally, the training background of the gymnasts was different, as our subjects were trained for a long time. The study was approved by the local institu- Previous research studies have confirmed that the WBV protocol used in the present study improves both flexibility [8, 13, 15] and explosive strength [4, 24] . The frequency of the vibration was set at 30 Hz and 2 mm amplitude for a total time of 2 min. The VG participants were exposed to a single bout of WBV training using different execution forms of three exercises. In the first exercise, they performed one squat every 4 s for the total time according to the experimental design (6-8 squats total) to a depth of approximately 90° of knee flexion. Participants were instructed to move through the eccentric portion of the movement for 2 s and the concentric portion for two seconds. In exercises two and three, the participants, standing on one leg, flexed their knee to a depth of approximately 120° of knee flexion and were instructed to move as in the previous exercise.
MATERIALS AND METHODS

This
The duration of 30 s was used in the hope of improving the performance enhancement reported by Cormie et al. [10] . During the whole vibration training session, the participants wore the same gymnastics shoes to avoid bruises and to standardize the damping of the vibration caused by the footwear. Training load on the vibration platform for the two groups was as follows: two sets of 30 s for the 1st exercise and one set of 30 s for the 2nd and 3rd exercise with a rest of 30 s, to provide a proper time for relaxation. As there are no scientifically based WBV programmes, the training programme in the present study was based on similar protocols that resulted in significant changes in muscle performance [12, 24] . Certainly, there is congruency between the strength and flexibility tasks and the intervention programme.
However, these tasks were selected because they were perceived as important for all artistic gymnasts. For example, each one of the strength tasks may be seen in several balance beam and floor exercises. To avoid this limitation, we used a control group as well, which was exposed to the same intervention, without the WBV, and tested in the same strength and flexibility tasks. Therefore, we may conclude with confidence that the differences in strength and flexibility between the VG and the NVG may be due to the intervention programme us- 
RESULTS
The participants in the VG were assessed in strength and flexibility at baseline, 1 min and 15 min after the WBV. The participants in the NVG were assessed at the same time following their respective training protocol. The assessments of both groups, across time, are presented in table 1.
Sit and Reach
No significant interaction effect between group and time was found with respect to flexibility test after the end of the intervention pro- 
DISCUSSION
The results of this study indicated that a single bout of WBV significantly improves flexibility and squat jump (SJ) performance immediately after the end of the intervention programme. This effect was maintained for about 15 minutes after the intervention, which was not evident in the NVG. This is one of the first studies to examine the effects of an acute bout of WBV on flexibility and explosive strength of lower limbs in young competitive artistic gymnasts. Results of the present study support previous findings indicating that an acute bout of WBV may improve an athlete's flexibility [8, 13] and jump height [8, 13, 16] . Specifically, the improvement by 6.35% in sit and reach test is lower compared with those of Cochrane and Stannard [8] and Fagnani et al. [13] , who found an improvement of 8.7% and 13% respectively. Further, our finding is in agreement with the results of Kinser et al. [16] , who examined split flexibility in young gymnasts using a local vibration device, and those of Jacobs and Burns [15] .
This flexibility improvement following WBV suggests that the vibration exposure may have activated the Ia inhibitory interneurons of the antagonist muscle [20] . Further, the short duration and the light intensity of the intervention programme applied in our study produced a greater percentage improvement in flexibility compared to the traditional stretching programme used by gymnasts (Sands and colleagues [21] .
The significant effect that was revealed in the present study in SJ performance was verified with an increase by 7.45% in the VG.
Further, an improvement in all examined strength variables was observed in post-vibration treatment in the VG (CMJ: 6.51%; RL:
2.90%; LL: 6.63%), whereas the corresponding percentage changes in the NVG were -1.47%, -6.26% and 0.58% respectively.
The jump height of the VG during the CMJ and single leg squat jump (RL and LL) in the present study increased in post-test treatments compared to baseline values and significantly differed from those observed in the NVG immediately after and 15 minutes after the end of vibration. Our findings verify previous data indicating an improvement by 8.1-8.4% [8, 13] . Further, the current finding of enhanced explosive strength of lower limbs is consistent with previous results that found acute improvements in vertical jump ability [1, 4, 10, 11, 24, 25] . In contrast, our results disagree with the finding obtained by Rittweger et al. [18] , who reported a significant decrease in jump height by 9.1% after vibration, and other studies that found no change in jump height [6, 16] .
Limitations
Certain limitations do not allow the generalization of the present findings without caution. First, the participants were only young gymnasts, at the age of 9 to 12 years old. Second, the duration of the vibration exposure was limited (15 s, for 5 exercises). Third, only the acute effect was examined and not the long-term effect. Finally, the effect of the vibration exposure with regard to other important variables, such as speed, balance and agility, needs to be examined in the future as well.
Recommendations for practitioners
The use of whole body vibration as a warm-up method may be in- 
